Objectives: In past studies, a lack of social support has been associated with cardiovascular disease (CVD) risk, particularly in black Africans. However, whether or not coping strategies have beneficial effects on blood pressure (BP) and emotional well-being is not clear. We therefore assessed the relationship between BP levels, depression and coping strategies. Methods: A prospective bi-ethnic cohort followed 359 black and white South African school teachers (aged 20-65 years) over a three-year period. Data on ambulatory 24-hour blood pressure, depression, coping strategies (defensiveness, social support, avoidance) and culture-specific coping scores (cognitive/emotional debriefing, spiritual-, collectivistic and ritualcentred) were obtained. Results: Over three years, chronic depression (38 vs 19%) and hypertension (68 vs 35%) were apparent in blacks (d-values > 0.3) as opposed to whites. In both groups, depression was accompanied by more avoidance (loss-of-control) coping. Consistent spiritual and increasing collectivistic coping were apparent in whites. Over time, increasing defensiveness (OR 1.08, p ≤ 0.05) and ritual coping (OR 1.27, p ≤ 0.01; d-values > 0.5), predicted chronic depression in blacks. The change in their symptoms of depression predicted 24-hour hypertension (OR 1.11, p = 0.04). No similar associations existed in whites. Conclusions: Blacks showed increasing defensiveness and ritual-and spiritual-centred coping in an attempt to combat chronic depression, which may be costly, as reflected by their chronic hypertensive status. Whites showed consistent spiritual-centred coping while utilising avoidance or loss-of-control coping, with a trend of seeking less social support or isolation as a coping mechanism. During counselling of depressed patients with hypertension, the beneficial effects of social support and spiritual coping may be of great importance.
Spiritual coping, particularly, was defined as an individual's ability to utilise faith in God and Judeo-Christian religious beliefs and active practices in order to appraise, understand, and effectively cope with stressful life events. 10 Various recent studies have provided considerable findings speculating that in cultures where spiritual coping is included as a coping method, beneficial effects on BP levels can be assessed.
Koenig's findings over the last two decades have strongly inferred that cultures that embrace spiritual coping have seen salutary effects on health and well-being. 9, 10 Some studies systematically analysed the relationship between multiple dimensions of cultural coping and several biological markers, including hypertension and depression. [9] [10] [11] Findings also asserted that the association between spiritual coping and hypertension is not uniform for all ethnic groups, and that there is a AFRICA higher prevalence of hypertension among blacks than whites, as revealed by measures of diastolic blood pressure (DBP) and systolic blood pressure (SBP). 3, 12, 13 Three different coping mechanisms during chronic stress have previously been identified, namely active defensive coping (DefS), referring to ways of coping that focus on trying to control a perceived stressor or continuing to function despite the stressor; emotional avoidance or passive coping, resulting in withdrawal or loss of control to a stressor; and seeking social support. [13] [14] [15] [16] [17] Findings have shown that DefS involves a beta-adrenergic-mediated pattern of stimulation that causes increases in systolic blood pressure (SBP) and cardiac output via central cardiac mechanisms. Emotional avoidance is mediated by alpha-adrenergic pathways, causing elevated DBP via vascular mechanisms, with increases in vascular resistance and decreases in stroke volume. 15, 16 Ineffective ways of coping and a lack of social support among black teachers from an urban environment were the major factors that resulted in hypertension. [16] [17] [18] [19] However, trajectories of culture-specific coping styles may further expand our knowledge on stress-related hypertension, and have not yet been investigated in SSA. Hence, we took the current findings one step further by examining prospective associations between hypertension, depression, coping style and cultural coping in a South African bi-ethnic gender cohort over a three-year period.
Methods
The Sympathetic Activity and Ambulatory Blood Pressure in Africans (SABPA) prospective study was conducted in 2008/9 and 2011/12 ( Fig. 1 ). This three-year follow-up investigation was performed using a similar methodology to the baseline evaluation, with clinical assessments done over a 48-hour period. The recruitment, selection process, methods and ethical considerations have been described extensively elsewhere. 18 Black Africans (blacks) and Caucasian Africans (whites) included 409 school teachers (aged 20-65 years) from the Dr Kenneth Kaunda Education District in the North-West Province, South Africa (Fig. 1 ). Teachers were chosen as participants to ensure homogeneity with regard to socio-economic status. They all had tertiary education (diploma/degree) and were in the same profession, with access to medical aids and benefits, such as annual bonuses and pension funds. The teachers resided in the Potchefstroom, Ikageng and Klerksdorp suburbs, with access to electricity and running water.
Exclusion criteria included tympanum temperature above 37.5°C, use of psychotropic substances, and blood donors or individuals vaccinated within three months before data collection. For the current sub-study, only teachers participating in both phases (n = 359) were included.
All participants provided their signed, informed consent. The study was approved by the ethics committee of the NorthWest University (NWU-00036-07-A6) and complied with the Declaration of Helsinki criteria for human research.
Clinical measures were done over 48 hours on working days of the week. On day one, between 07:00 and 08:00, teachers were fitted with 24-hour ambulatory BP monitors and accelerometers. The BP monitors were fitted onto each teacher's non-dominant arm and hip, using suitable cuff sizes (Cardiotens CE120 ® , Meditech, Budapest, Hungary; Actical ® , Montreal, Quebec). Teachers proceeded with their normal daily teaching and extra-curricular activities and were asked to record occurrences of stress, physical activity, headache, syncope, dizziness, nausea, palpitations, hot flushes and visual disturbances on their ambulatory diary card. Blood pressure (BP) was automatically measured by the Cardiotens CE120 ® devices at intervals of 30 minutes between 08:00 and 22:00 and at intervals of 60 minutes between 22:00 and 06:00 the following morning, with a successful mean inflation rate of 84.9 and 91.8% for the black and white groups at the second phase, respectively. Cohort members were classified as hypertensive using the European Society of Cardiology guidelines when they recorded an average 24-hour BP of ≥ 130 mmHg SBP and/or ≥ 80 mmHg DBP.
After school, at 16:30, participants were transported to the North-West University's Metabolic Unit research facility for an overnight stay in a well-controlled setting where they were familiarised with the study set-up. Registered clinical psychologists supervised each member's completion of a psychosocial battery, followed by dinner for the participants at 18:00. Teachers were asked to go to bed at 22:00 and to fast overnight in preparation for the second day's clinical measures.
On day two, they were woken at 07:00 for anthropometric measurements and were in a semi-recumbent position for at least 30 minutes before a registered nurse took fasting blood samples and trained staff performed a battery of clinical assessments. Medical history and medication usage questionnaires were completed. Immediately available results were communicated to the participants where-after they received breakfast and were transported back to school.
The Actical ® omnidirectional accelerometer measured the total energy expenditure of each participant for 24 hours. The device was set to 15-second intervals to measure the movement of the participants while they engaged in normal daily activities. Gamma-glutamyl transferase (γ-GT) levels were measured as a marker of alcohol abuse and cotinine levels reflected smoking status. 20, 21 All anthropometric measures were conducted in triplicate by ISAK (International Society for the Advancement of Kinanthropometry) level II accredited anthropometrists using calibrated instruments and standardised methodology to obtain waist circumference, with inter-and intra-observer variability less than 10%.
Each participant's individual coping style (Fig. 2) was identified with the coping strategy indicator (CSI). 22 The CSI is a self-report measure consisting of 33 items that determine whether a person utilises the problem-solving, avoidance, or seeking-social-support coping style in difficult times. The CSI demonstrated Cronbach's alpha (α) reliability coefficients of 0.76 to 0.83.
The 33 items in the CSI questionnaire are divided into three subsets, namely defensive coping (DefS), avoidance/loss of control, and seeking social support, with 11 items each. A DefS strategy implies actively solving problems as a defence response, being in control, and accepting the stressor as reality; seeking social support implies an active process focused on acquiring comfort and advice in stressful times; and emotional avoidance or loss of control implies defeat, with physical and psychological withdrawal. With a recent stressful event in mind, responders answered each item using a three-point Likert scale: 3 = a lot, 2 = a little; and 1 = not at all.
The accumulated answers indicate the use of a certain coping style. A total score of ≥ 26 indicated above mean usage of the problem-solving or active defensive coping style, ≥ 23 showed above-mean use of the social support style, and ≥ 19 showed above-mean use of the avoidance style. 22 For this study, the following Cronbach's alphas were calculated: CSI DefS (0.83), social support (0.88) and avoidance (0.76).
The Africultural coping systems inventory (ACSI) is a 30-item instrument that tested each participant's culture-specific coping behaviours during stressful experiences (Fig. 2) . The ACSI was developed using an African-centred theoretical framework to analyse coping behaviours of Africans.
14 The ACSI four-factor orthogonal self-report measure consists of an extensive list of unique coping behaviours commonly observed among Africans. Responders answered each item using the following four-point Likert scale: 0 = does not apply or did not use; 1 = used a little, 2 = used a lot; 3 = used a great deal.
Participants were asked to think of a stressful situation they had recently experienced and to respond to the instrument's items using the four-point scale. Coping subscales include cognitive/ emotional debriefing (11 items), spiritual-centred coping (eight items), collectivistic-centred coping (eight items), and ritualcentred coping (three items). Factor 1, cognitive/emotional debriefing, represents adaptive and survival-like reactions to manage perceived environmental stress. Factor 2, spiritualcentred coping, tests an awareness of spiritual elements in the cosmos and a sense of connection with the divine. Factor 3, collectivistic-centred coping, tests respondents' reliance on groupcentred activities to cope with stressful situations and is grounded in a culture that values community above the individual. Factor 4, ritual-centred coping, assesses the extent to which participants use cultural practices such as the performance of rituals, ancestral worship and acknowledgement of various religious deities.
The ACSI demonstrated adequate internal consistency reliability for the four subscales, with Cronbach's alphas ranging from 0.71 to 0.80. 14 The following Cronbach's alphas were calculated: cognitive/emotional debriefing (0.85), spiritualcentred coping (0.82), collectivistic-centred coping (0.83) and ritual-centred coping (0.73) Scores for symptoms of depression were obtained via the patient health questionnaire depression scale (PHQ-9), which has been validated in various ethnic groups for use in primary healthcare settings. 23 Each item evaluated the presence of one of the nine criteria for major depression from the Diagnostic and Statistical Manual of Mental Disorders, 4th edn (DSM-IV-R). The Cronbach's alpha reliability index for the total three-year PHQ-9 score in the current sub-study was 0.80, indicating good reliability. The recommended and established PHQ-9 cut-off point of ≥ 10 indicates the presence of depression.
A registered nurse collected fasting serum and plasma samples using a sterile winged infusion set, after which these samples were handled according to standardised procedures and frozen at -80°C until analysis. The γ-GT levels were analysed with the enzyme rate method (KonelabTM 20i, Thermo Scientific, Vantaa, Finland). Serum cotinine levels were measured using the homogeneous immunoassay on the Modular Roche automised analyser (KonelabTM 20i; Thermo Scientific, Vantaa, Finland). Glycated haemoglobin was measured with the Cobas ® Integra 400 (Roche, Switzerland), using the turbidimetric inhibition immunoassay method.
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Statistical analysis
Data analyses were completed using the computer software package Statistica ® version 13.1 (Dell, TX, USA, 2017). Skewness of data was tested, and a priori covariates were log-normalised if skewed (age, waist circumference, log physical activity, log γ-GT, and log cotinine). Changes (Δ) were calculated using the formula: Δ = follow up -baseline. Coping measures included DefS, social support, avoidance, cognitive/emotion, spiritual-, collectivisticand ritual-centred scores.
Independent t-tests and chi-squared (χ²) tests compared coping and BP differences in means and proportions between black and white respondents at baseline, respectively. The t-test for dependent sampling compared ethnic differences over time.
McNemar's case-control tests were used to demonstrate changes in depression, hypertension, and usage of anti-hypertensive medication over three years, and odds ratios (OR) and 95% confidence intervals (CI) were determined. Logistic regression analyses were computed to determine (1) changes in coping scores over three years predicting chronic depression (PHQ-9 ≥ 10); and (2) changes in depressive symptoms predicting 24-hour hypertension, independent of a priori covariates. A sensitivity analysis was done by repeating logistic regression analyses to adjust for HIV-positive status and use of hypertension medication.
The statistical significance level was set at p ≤ 0.05 (two-tailed). Effect sizes when comparing means or proportions are reported as d-values with 0.2 = small effect, 0.5 = medium effect and 0.8 = large effect. When reporting OR as an effect size, the following guideline values can be used: 1.5 = small effect, 2.5 = medium effect and 4.25 = large effect. Table 1 compares baseline characteristics of the two ethnic groups. Cardiovascular risk was higher in blacks compared to whites (p ≤ 0.001), with mean values exceeding known cut-off points with medium to large effects (d-values > 0.5; BP: 24-hour SBP ≥ 130 mmHg and/or 24-hour DBP ≥ 80 mmHg). Blacks similarly showed statistically significantly higher risk for psychosocial stress, i.e. longer exposure to an urban-dwelling lifestyle, more alcohol consumption (γ-GT), and less physical activity compared to whites (p ≤ 0.001), with a medium to large effect. Blacks had increased 24-hour heart rate, 24-hour hypertension, and used more anti-hypertensive medication than whites (p ≤ 0.001; medium effect). Coping scores indicated that whites used more avoidance coping coupled with less socialsupport-seeking coping strategies (p ≤ 0.001; medium and large effects). Blacks also reported the use of more cognitive/ emotional, spiritual-centred, collectivistic-and ritual-centred coping than whites (p ≤ 0.001; medium to large effects).
Cross-sectional investigation
Longitudinal investigation
In Table 2 we demonstrate qualitative (attempts to change lifestyle over three years) and quantitative lifestyle changes. Blacks reported higher attempts to change alcohol-consumption habits (p < 0.001) over three years, in comparison to whites. However, quantitative γ-GT levels, as a surrogate marker of alcohol consumption, did not support this finding. Dietary habits also did not change over time; in fact observed central obesity, as demonstrated by waist circumference, increased in both ethnic groups (p < 0.001). Table 3 represents risk-marker changes over three years. Blacks reported statistically significant increases in stress, DefS and avoidance (p < 0.001), while depressive symptoms and social support decreased (p < 0.001). Only seeking less social support and avoidance were clinically significant (d = -1.10 and 0.87). Spiritual-centred coping increased (p < 0.05) with small effect. Chronic depression (38%) and hypertensive status (68%) were apparent in blacks at follow up.
Black Africans
For depression status, a change in 24 persons from positive at baseline to negative at follow up occurred. This was statistically significantly less than the 37 persons who changed from negative to positive (p = 0.001), which was also clinically relevant (OR = 3.33). In blacks, increased defensiveness (OR 1.08, p ≤ 0.05) and ritual-centred coping (OR 1.27, p ≤ 0.01; d-values > 0.5) predicted chronic depression (Table 4 ). The changes in their depressive symptoms predicted 24-hour hypertension (OR 1.11, p = 0.04) ( Table 5 ). Sensitivity analysis considering HIV-positive status and use of hypertension medication did not change the outcome of the current data.
White Africans
Among whites, avoidance or loss-of-control and using groupactivity (collectivistic) coping significantly increased over three years (p < 0.05), while the latter had a medium effect (d = 0.44). They had minor decreases in DBP (p < 0.001, d = -0.21) and SBP (p = 0.04, d = -0.11). Chronic depression (19%) and an increase Coping strategies were added as co-variates in separate models with a priori log-normalised variables, age, waist circumference, physical activity, γ-GT and cotinine. OR-value effects: 1.5 = small; 2.5 = medium; 4.25 = large. Coping strategies were added as co-variates in separate models with a priori log-normalised variables, age, waist circumference, physical activity, γ-GT and cotinine. OR-value effects: 1.5 = small; 2.5 = medium; 4.25 = large.
in hypertensive status (35%) occurred in whites (p = 0.02), having clinical relevance (OR = 2.14). No similar associations existed in whites.
Discussion
We assessed longitudinal associations between BP levels, depression and coping strategies in a bi-ethnic cohort of South African teachers. The main findings revealed higher cardiovascular risk and chronic depression, mostly in blacks. Indeed, blacks showed increasing defensiveness and ritual-and spiritual-centred coping over the three years in an attempt to combat chronic depression. Increasing defensiveness seems to be costly, as reflected by their chronic hypertensive status. Whites showed consistent spiritual-centred coping while utilising avoidance or loss-of-control coping, with a trend of seeking less social support.
Cultural coping
Individual well-being among blacks and whites seemed dependent on each individual cohort member's ability, or inability, to make use of healthy coping strategies, i.e. spiritual-centred coping or seeking social support. 13, [25] [26] [27] We have shown novel findings in Africa that there are significant cultural differences in coping patterns of blacks and whites, and herewith support the notion of similar studies that suggested that culture has a significant effect on coping with stress. 26, 28 The impact of coping disability will inevitably have an impact on susceptibility to CVD. From a neuro-theological perspective, it is interesting to note that this research may also reflect what is found in other literature, such as the Christian Bible, where the apostle Paul describes in 1 Corinthians 12:14-20 27 how the different functioning parts of the body depend on each other [touch/tactile (palms of hands and soles of feet), the ear, the eye and smell]. It may symbolise interdependency of functioning parts of the body as well as interdependency of human beings to function effectively as a community, with Christ as head of the church. The pericope in 1 Corinthians 12 is remarkably similar to awareness in the senses and functioning of the body during the fight-or-flight response or defensive coping.
High-risk cardiovascular profile among urbandwelling blacks
Current findings in blacks demonstrated significantly higher cardiovascular risk compared to whites, with increased alcohol consumption and hypertensive status, as well as increases in SBP over time. Previous studies support the fact that high alcohol intake increases risk of hypertension, particularly in blacks. 29 In our study, chronic stress in blacks was observed and is supported by other studies. 4, 13 If combined with chronic higher alcohol consumption, circulatory disturbances such as vasospasms or ischaemic heart disease may ensue. [30] [31] [32] [33] [34] Indeed, recent findings in the SABPA cohort showed that habitual utilisation of DefS was often accompanied by alcohol abuse and a profile of reduced coronary perfusion. 33 Chronic defensiveness and over-exposure to psychosocial stress may explain why the current urban-dwelling black teachers are more vulnerable to CVD than their white cohort counterparts.
Black teachers reported a greater dependency on social support than white teachers, but interestingly, the follow-up data showed that seeking social support decreased among blacks, with no increases among whites over a three-year period. The African culture is traditionally collectivistic and interdependent, and individualism during urbanisation induced more psychosocial stress. 15 Therefore we cautiously suggest that blacks not seeking social support may rather reflect denial or loss-of-control coping styles.
In the current study, blacks reported increased use of DefS, avoidance coping, and ritual-and spiritual-centred coping coupled with increased SBP levels. Studies also showed that risk of elevated BP might be the result of habitual defensiveness during chronic stress caused by a demanding individualistic urban environment, especially for blacks who are inherently collectivistically orientated, which could lead to physiological loss-of-control responses. 13, 16, 17, 34 Our black cohort reported a willingness to try and consume less alcohol, but the follow-up γ-GT levels indicated continued high levels of alcohol consumption among blacks. These findings could suggest that alcohol abuse is more frequently used as a defensive coping strategy among blacks, and that chronic DefS may contribute to blacks' susceptibility to CVD risk.
High-risk cardiovascular profile among urbandwelling white teachers
The white teachers reported increasing habitual use of avoidance or loss-of-control coping. They also reported the use of collectivistic-centred or group-activity coping, which are preferred strategies under stressful situations and which may reflect a fraught situation.
14 They did not seek more social support, but if they were using avoidance or loss-of-control coping, a lack of support from society, family and friends may have increased susceptibility to chronic depression. 35 When corporal punishment was abolished in all South African schools, the impact on teachers' morale included loss of control, which may also support the increase in avoidance coping in this teachers' cohort. 4, 13, 36 Current findings also reflected psychological and cardiovascular vulnerability in the cohort of white teachers, who used consistent spiritual-centred, social support and DefS coping to combat stress.
Chronic depression
Recent studies have reinforced the notion that depression can be a significant risk factor for hypertension and may explain how different coping strategies could reflect hypertension risk in ethnic groups with differing cultural backgrounds. 37, 38 Psychological trajectories in white teachers however did not predict depression or hypertension. They reported avoidance coping or using group activities, which may seem to be a way to cope with stressful demands but which can be an additional source of stress itself.
In black teachers, chronic depressive symptoms were accompanied by 24-hour SBP hypertension. Alcohol consumption trajectories as a dysfunctional lifestyle factor were often used to cope with stress. Alcohol consumption or abuse may further increase depression, since alcohol is a central nervous system depressant and increases subsequent CVD risk. 39 Recently, a hypertensive state has been associated with vasoconstrictive as well as cardio-toxic effects of alcohol. 30 Prior studies have presented data where chronic higher alcohol consumption/abuse was associated with delayed electrical conduction in the heart, accompanied by left ventricular hypertrophy as seen on ECG, silent ischaemic events, and increased α-adrenergic vascular responsiveness, predominantly in the SABPA black teachers' cohort. 30 Their profile of risk for left ventricular distension and chronic hypertensive status on a pre-clinical level may elevate the risk for future cardiovascular events. On a related note, differing cultural coping mechanisms may enhance hypertensive risk, specifically in black teachers.
Limitations
Our study has some limitations, as important data, such as sickle cell anaemia, CVD family history or self-reported dietary intake, were not available to explain the prevalence of hypertension. However, essential amino acids in DefS black men from the SABPA study were disturbed compared to their white counterparts. 40 DefS black men showed higher phenylalanine and tyrosine (catecholamine precursor) levels, contributing to higher blood pressure and structural vascular abnormalities. 40 
Conclusion
Results indicated that blacks and whites have different and varied coping styles based on their respective cultural backgrounds. Blacks showed higher cardiovascular risk than whites, which could have been a result of increasing defensiveness and chronic depression observed among blacks over the three-year period. Whites showed consistent spiritual-centred coping while utilising avoidance or loss-of-control coping, with a trend of consistently seeking less social support or isolation as a coping mechanism. Differing cultural coping mechanisms reflected hypertension risk in black teachers.
The consideration of chronic depression during the assessment and treatment of hypertension could imply distinct treatment programmes in groups with contrasting cultural backgrounds. During counselling of depressed patients with hypertension, the salutary effects of support and spiritual coping may be of great importance. The beneficial effects of pastoral counselling may also be considered.
